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FIELD OF THE I NVENT IO N 

The present invention relates to an improved drive shaft coupling device, 
including an improved shear bolt arrangement for the coupling device. 



BACKGROU ND QF THE I NVENT IO N 

Overload protection devices, as may be installed on rotating drive shafts, 
must be able to withstand various loads and conditions. It is important that the 

10 overload devices connect both ends or members of the drive shaft in such a manner 
that there is no relative movement between the drive shaft ends, either axial or radial. 
Upon encountering an overload condition and the consequent rupturing of the 
shearing connectors, the overload devices should allow the two drive shaft ends to 
rotate relative to each other consistently at pre-determined torque loads. Previous 

15 designs have not been able to attain consistency of shearing while maintaining 
absolute relative proximity (i.e. position or spacing) of the two ends of the drive shaft 
coupling device. In previous designs, the fact that the relative proximity of the ends 
of the drive shaft coupling device must be maintained has meant that inconsistent 
friction between the two ends of the coupling device has resuhed in inconsistent 

20 shearing of the shear pins or bolts. 

Inconsistencies in the friction between the two ends of drive shaft coupling 
devices have several causes, such as improper torque settings of the shear bolts, 
inconsistent surface finishes of the mating or contacting surfaces of the drive shaft 
coupling device, or corrosion between the contacting surfaces of the coupling de\dce, 

25 Although in theory these inconsistencies might be overcome with conventional shear 
bolts or pins, in reality it is difficult and impractical 
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The novel shear bolt of the present invention, designed in conjunction with 
novel flanges of the drive shaft coupling device, provide a relative positioning or 
spacing of the two ends of the drive shaft coupling device, yet allow a consistently 
controllable shearing of the device in overload conditions. The spacing of the two 

5 ends of the drive shaft coupling device is maintained both before and after overload. 
The designed or desired shear torque of the new drive shaft coupling device is not 
affected by inconsistencies in the torque settings of the shear boh nuts, 
inconsistencies of surface finish in the opposing ends of the drive shaft coupling 
device, nor by corrosion of the mating or contacting surfaces of the device. With the 

10 novel design of the present invention, a desired result is attained consistently and 
economically. 

SUMMARY OF THE INVENT IO N 

The invention pro\ddes a device to connect the opposed flanges of a drive 
15 shaft coupler in a manner so as to maintain the relative position or spacing of the 
opposed flanges, and yet allows for consistent and controllable shearing of the 
connecting shear bolts upon the drive shaft coupler encountering an overload 
condition. 

The present device has a first drive shaft coupler flange and a second drive 
20 shaft coupler flange rotatable about a common axis. Each flange has at least two 
shear bolt retaining slots which may be axially aligned with corresponding shear bolt 
retaining slots on the other opposing flange. 

The device has at least two shearable connectors or bolts, each one threaded 
fi-om both ends with a shoulder at the end of the threads. Between the two shoulders 
25 there is a shear point or area that is turned down on a lathe in order to be of a closely 
controlled diameter and to be of a lesser shear strength than the rest of the shear boh. 
The connectors are to be arranged for balanced common rotation of the first and 
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second drive shaft coupler flanges, and when the connectors shear or rupture upon 
overload condition of the drive shaft coupler. 

The shoulders of shearable connectors provide a means of controlling the 
distance between the two opposing flanges of the drive shaft coupler as well as 
providing a surface with which to oppose the tension applied to the shearable 
connector when tightening the nut on the threads of the connector in order to rigidly 
affix the connector to the drive shaft coupler flange. 

The shearable connectors also have opposing flat surfaces located between 
the end of the threads and the shoulders of the connector, which flat surfaces fit 
closely inside the shearable connector retaining slots of the drive shaft connector in 
order to prevent the shearable connector fi-om rotating when installing or removing 
the nuts fi*om the ends of the connectors. 

The drive shaft coupler flanges also have a circular recessed area on the 
exposed side of the flange where the nut of the shearable connector contacts the 
flange. The circular recessed area is of a size to fit a standard flat washer which is in 
turn the appropriate size to fit the connector. A purpose of the recessed area is to 
locate the connector at the desired distance from the axial center of the drive shaft 
coupler. 

The device also has a means to seal contaminants and corrosive elements out 
of the area of the drive shaft coupler where metal parts are in close proximity to each 
other, and a means to periodically introduce lubrication into the sealed area. 

DK SCRJPTIQ N Q F TH E PRAWTNGsS 

Fig.l is and exploded cross- sectional view along line 1-1 of fig.4 of a 
preferred embodiment of the coupling device of the present invention, and also 
shows two end sections of a drive shaft; 

Fig.2 is a close-up view of a shearable coimector of the present invention; 
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Fig.2a is a cross- sectional view along line 2a-2a of fig.2; 
Fig.2b is a cross-sectional view along line 2b-2b of fig.2; 
Fig.2c is a cross-sectional view along line 2c-2c of fig.2; 
Fig.2d is an end view of the shearable connector of fig.2; 
5 Fig.2e is a top view, in the direction of arrow E, of the shearable connector of 

fig-2; 

Fig. 3 is a sectional view of the coupling device as in fig.l showing the device 
assembled and connected to the drive shaft end sections; 

Fig.4 is an end view of the coupling device of fig.3 with two shearable 
10 connectors removed; and, 

Fig.4a is a cross-sectional view along line 4a-4a of fig.4. 

DESCRIPTION OF PREFERRED FMRODTMPNTS: 

The figures shows various views of a drive shaft coupling device, generally 

15 indicated by the reference number 10, for connecting two ends of a hollow drive 
shaft 12 which is rotatable about a longitudinal axis 14. The drive shaft coupling 
device 10 may be factory installed during assembly of the device or vehicle in which 
it is to be used, or it may be retro-fitted at a later date. Either way, the drive shaft 12 
will have first and second sections 16 and 18, respectively, both aligned about the 

20 axis 14. For ease of reference, the first and second sections 16, 18 may also be 
referred to as the right and left sections 16, 18, as viewed m fig.l. In its preferred 
embodiment, the device may be installed and used on any machine requiring the use 
of a rotating drive shaft where there is a chance of encountering an overioad 
condition and where there could also be a need for the drive shaft to rotate at high 

25 speeds, such as up to 2500 RPM or higher. 

The coupling device 10 has first and second coupling members, or couplers, 
indicated by the reference numbers 20 and 22, respectively. For ease of reference, 

-4. 
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the first and second coupling members 20, 22, may also be referred to as the right 
and left coupling members 20, 22, as viewed in fig. 1 . The right coupling member 20 
is connected to the right drive shaft section 16 and the left coupling member 22 is 
connected to the left drive shaft section 18. The method of connecting the coupling 

5 members 20 and 22 to the drive shaft sections 16 and 18 is normally by welding, but 
other methods may be used. The right coupling member 20 has a hollow projecting 
sleeve 32 which is insertable into the end of the right drive shaft section 16 in what is 
normally a light interference fit. The right drive shaft section 16 abuts the radial 
inclined area 34 of the coupling member 20. The radial inclined area 34 provides both 

10 a firm abutment for the drive shaft 16 as well as providing an suitable area in which 
to weld together the coupling member 20 and the drive shaft 16. It will be obvious to 
those skilled in the art that the right drive shaft section 16 may be manufactured 
integrally with the coupler 20 so as to eliminate the weld in the area of the radial 
inclined section 34. 

15 In a similar fashion as for the right coupling member 20, the left coupling 

member 22 has a hollow projecting sleeve 26 which is insertable into the end of the 
left drive shaft 18 in what is normally a light interference fit. The drive shaft section 
18 abuts the radial inclined area 28 of the coupling member 22. The radial inclined 
area 28 provides both a firm abutment for the drive shaft 18 as weD as providing an 

20 suitable area in which to weld together the coupling member 22 and the drive shaft 
18. It will be obvious to those skilled in the art that the shaft section 18 may be 
manufactured integrally with the coupler 22 so as to eliminate the weld in the area of 
the radial inclined section 28. 

The right coupling member 20 has another projecting and hollow sleeve 36 

25 opposite the projecting sleeve 32. In the preferred embodunent, the sleeve 36 is 
hollow in order to reduce rotating weight, although it may be made thicker of solid if 
desired. The projecting sleeve 36 is axially aligned about the axis 14 in order to fit 
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within a hollow bore 38 of the left coupling member 22 in a close clearance fit. Such 
fit should be of an appropriate clearance in order to facilitate smooth rotation 
between the coupler members 20 and 22. The length of the bore 38 in relation to the 
projecting sleeve 36 is such that the sleeve 36 extends past the bore 38 a suitable 

5 distance to weld or otherwise afiHx thereon a retaining sleeve 40 which prevents the 
two coupler sections 20 and 22 fi*om separating upon rupture of the shear bolts 50. 

The right and left coupling members 20 and 22 have first and second radially 
extending flanges 42 and 44, respectively. Each flange 42, 44 has at least two 
radially extending open-ended slots 46 and 48, respectively, and in the preferred 

10 embodiment shown three circumferentially spaced slots 46, 48 are provided, as best 
seen in fig.4. Each slot 46 in the first flange 42 is positioned so that it is directly 
adjacent to a corresponding slot 48 on the second flange 44. 

An important aspect of the invention are the shear bolts 50. Each shear bolt 
50 fits through the respective slots 46 and 48 of both flanges 42 and 44 concurrently, 

15 with the shoulders 52 of the bolt 50 contacting the inside of the flanges 42 and 44. 
Referring in particular to figures 2 to 2e, each bolt 50 has two opposed flat sides 54 
which are a suitable distance apart to form a close clearance fit inside the slots 46 and 
48 to allow easy instaOation and/or replacement and to prevent the shear bolt 50 
from rotating within its slot when threaded hex nuts 56 are installed. When the shear 

20 bolts 50 are inserted into the radial slots 46 and 48 on the flanges 42 and 44, flat 
washers 58 and lock nuts 56 (or other suitable fasteners) are assembled onto both 
ends of the shear bolts 50 (see figs. 1, 3 & 4a). The nuts 56 are tightened to draw the 
flanges 42 and 44 together until the shoulders 52 of the shear bolts 50 are in close 
contact with the inside of the coupler flanges 42 and 44. In domg so, the flanges 42 

25 and 44 are held at a set distance "X" from each other and are securely connected to 
one another. The shear bolt 50 also has a shear area 60 or zone between the 
shoulders 52. This shear zone 60 is turned down on a lathe or other machine tool in 

-6- 
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such a way as to provide a shear area that is both much more susceptible to shearing 
or rupture than the rest of the shear bolt 50 or any other part of the entire coupling 
device 10 or drive train, and is of a pre-set and controllable diameter to achieve a 
desired ultimate shear torque of the entire coupling device 10. Hence, one can 
accurately control the maximum torque at which the bolts 50, and hence the coupling 
device 10, will shear to break the rotatable connection or link between the drive shaft 
sections 16, 18 so as to avoid damage to the drive shaft from an over-torque 
situation. The bolts are therefore the equivalent of fuses in an electrical device. 

Both flanges 42 and 44 have on their outside faces circular recesses 62 and 
64 (see figs.l & 4) centered radially on the slots 46 and 48. The recesses are of a 
depth approximately equal to or slightly greater than the thickness of the flat washers 
58, and are a predetermined distance from the central axis 14 of the coupler 10. 
These recesses 62, 64 are sized in their diameter to allow the flat washers 58 to fit 
inside, therefore positioning the shear bolt 50 a set radial distance from the axis 14. 
The washer's central aperture or opening 59 (indicated in fig.l) also influences the 
bolt's radial distance from the axis 14. Should a slightly lesser or greater radial 
spacing from the axis 14 be required for the shear bolt, the location of the aperture 
59 in the washer may be suitably altered without changing the design or dimensions 
of the recesses 62, 64 or any other part of the couplers 20, 22. The recesses 62, 64 
also prevent the shear bolts 50 from being thrown outwardly by centrifugal force, 
particularly should the lock nuts 56 become loosened. 

Coupling member 20 also has a radial protrusion 66 (see figs.l & 3) which in 
turn has a radial slot 68 for the purpose of keeping or housing a resilient O-ring 70 or 
other lubricant retainmg device. When the flanges 42 and 44 are drawn together as 
mentioned above, and they are at a set distance from each other, the O-ring 70 forms 
a seal with the inside of flange 44. The left coupling member 22 also has an internal 
passageway 72 for introducing grease or other lubricant into the area formed by the 
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clearance fit between the sleeves 36 and 26. The passageway 72 may also have a 
device to more easily facilitate the introduction of lubricants and to keep dirt out, 
such as grease nipple 74. 

The above description is intended in an illustrative rather than a restrictive 

5 sense, and variations to the specific configurations described may be apparent to 
skilled persons in adapting the present invention to other specific applications. Such 
variations are intended to form part of the present invention insofar as they are within 
the spirit and scope of the claims below. For example, the shear bolt 50 may be used 
to connect many other types of coupling members, whether mechanical or structural 

10 types, and rotatable or non-rotatable, which should be designed to shear or othenvise 
break at a given force. One such use is with highway posts or signs which must give 
or detach firom their support bases, pedestals or legs at given impact forces to reduce 
or avoid the risk of injury to highway users. 

15 



20 



25 



-8- 



wo 00/26554 



PCT/CA99/01000 



WE CLAIM: 

1. A shearable connector for joining two coupling members and transferring a 
desired torque therebetween, said shearable connector comprising an elongate bolt 

; element having: 

a middle portion forming a shearable sector of a given shear strength; 

a shoulder element on either side of said middle portion for abutting a 
respective coupling member to provide a pre-set clearance between at least a portion 
of said coupling members when joined; and, 

an end portion extending from each of said shoulder elements and having a 
threaded part for receiving a nut member thereon for clamping said bolt element to 
said coupling members. 

2. The connector of claim 1 wherein said end portion includes an intermediate 
j3 portion between said shoulder element and said threaded part adapted to slideably 

engage said coupling member in a desired orientation. 

3. The connector of claim 2 wherein said intermediate portion includes opposed 
planar portions to prevent rotation of said bolt element during installation and 

20 removal of said nut member, 

4. The connector of claims 1, 2 or 3 further including a washer element having 
an aperture therein for insertion onto said end portion between smd nut member and 
said coupling member, wherein the location of said aperture in said washer element 

25 may be changed to alter the radial spacing of said bolt element from the radial centre 
of said coupling members. 
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5. The connector of claim 4 wherein said shoulder element has a greater 
diameter than that of said middle and end portions for sandwiching said coupling 
member between smd shoulder element and said washer element. 

6. A shear boh for joining coupling members comprising: 

an elongate core element having a first portion forming a shear area of a 
^ven shear strength, a second portion on each side of said first portion forming a 
shoulder of larger diameter than said first portion and adapted to provide a pre-set 
spacmg between opposed coupling members at least in the vicinity of said shear bolt, 
and a third portion extending fi-om each of said shoulders adapted to receive a 
fastening member to secure said core element with smd coupling members. 

7. The shear bolt of claim 6 wherein said third portion includes an shaped part 
adjacent said second portion for slideably engaging a coupling member transversely 
thereto. 

8. The shear bolt of claim 7 wherein said shaped part includes opposed planar 
surfaces to avoid rotation of said core element during installation and removal of said 
fastening member. 

9. The shear bolt of claims 6, 7 or 8 further including a washer element having 
an opening for insertion onto said third portion and adapted to register with a 
correspondingly shaped recess in a coupling member, wherein the location of said 
opening in said washer element provides a means of adjusting the spacing of said bolt 
element fi-om a ^ven radial reference point of sdd coupling members. 



- 10- 
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10. A shear bolt coupling assembly comprising: 

a first coupling member with a first radially extending flange; 
a second coupling member located coaxially with said first coupling member 
and having a second radially extending flange; and, 

5 an elongate shear bolt having a first portion forming a shear area of a given 

shear strength, a second portion on each side of said first portion forming a shoulder 
of larger diameter than said first portion for abutting each of said first and second 
flanges to provide a desired clearance therebetween, and a third portion extending 
from each of said shoulders adapted to receive a fastening member to secure said 

10 shear bolt with said first and second flanges, thereby securely connecting said first 
and second coupling members for transferring a shear force therebetween up to said 
given shear strength, 

11. The assembly of claim 10 wherein said third portion includes a shaped part 
15 adjacent said second portion for slideably engaging a respective first or second flange 

transversely to a longitudinal centreline of said first and second coupling members. 

12. The assembly of claim 1 1 wherein said shaped part includes radially opposed 
planar surfaces adapted to engage a respective first or second flange to avoid rotation 

20 of said shear bolt during installation and removal of said fastening member, 

13. The assembly of claims 10, 11 or 12 fiirther including a washer element 
having an opening for insertion onto said third portion and adapted to register v^th a 
correspondingly shaped recess in a respective first or second fl^ge, wherein the 

25 location of said opening in said washer element provides a means of adjusting the 
radial spacing of said shear bolt from a given radial reference point of said first and 
second coupling members. 
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the drive shaft coupling device prevents the shear bolt from rotating within the slot of the drive shaft coupling device. By preventing the 
shear bolts from rotating, this fitting arrangement allows for easy installation and removal of threaded nuts on the shear bolt. 
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